To test the hypothesis that prolactin mediates the increase in seminal volumes induced by sexual stimulation in stallions, semen was collected from six stallions every other day for 26 d. The last eight collection days were treatment days. For each stallion, four treatments were randomly assigned to the first four of the eight treatment collection days, and then repeated in reverse order on the last four collection days: 1 ) Control: semen collected per normal procedures; 2 ) Sexually stimulated: stallions were presented to mares in a chute for 10 min before collection; 3 ) Bromocriptine (dopamine agonist) plus sexual stimulation: stallions were administered bromocriptine 10 min before 10 min of sexual stimulation prior to collection; and 4 ) Sulpiride: stallions were administered sulpiride ( a dopamine antagonist) 25 min before collection. Prolactin concentrations in plasma were increased by sexual stimulation ( P < .01) and sulpiride ( P < .001) administration and were decreased ( P < .01) when bromocriptine was administered before sexual stimulation. Sexual stimulation alone increased ( P < .01) volume of gel-free semen relative to control values (102 vs 81 mL), and bromocriptine prevented this response (89 mL; P < .075 relative to sexual stimulation). Sulpiride had no effect ( P > .1) on gel-free volume. Volume of gelatinous material, number of mounts, sperm concentration, motility, pH of gel-free semen, number of spermatozoa per ejaculate, and prolactin concentration in gel-free semen were not affected ( P > .1) by treatment. Although the effect of bromocriptine indicated that prolactin may mediate the rise in seminal volume due to sexual stimulation, if it does, it must be in conjunction with other hormone(s) or factor(s), because increasing prolactin concentrations alone did not increase seminal volume in these stallions.
Introduction
Prolonged sexual stimulation of stallions increases the volumes of gel-free semen and gelatinous material collected via artificial vagina (Pickett and Voss, 1973) . It is not known what factors are involved in this response, or whether it occurs via a humoral or neural mechanism. The response is achieved within 10 to 15 min; thus, the actions of any intermediating factors on the accessory sex glands are assumed to be rapid.
Prolactin has been reported to be essential for accessory sex gland function in several mammalian species (Ensor, 1978; Fluckiger et al., 1982) . It has also been reported to be involved with water and electrolyte balance in various vertebrate species (Horrobin, 1974; Ensor, 1978) . Moreover, we have shown previously that prolactin is secreted rapidly in response to sexual stimulation of stallions (Rabb et al., 1989; Colborn et al., 1991b) . The present experiment was designed to test the hypothesis that prolactin mediates the increase in seminal volumes observed in stallions receiving sexual stimulation prior to seminal collection. Our approach was to compare seminal characteristics of ejaculates collected under normal procedures with and without sexual stimulation to those obtained when 1 ) prolactin was suppressed during sexual stimulation (via the dopamine agonist bromocriptine) and 2 ) prolactin was Published December 11, 2014 stimulated in the absence of sexual stimulation (via the dopamine antagonist sulpiride).
Materials and Methods
Six light horse stallions ( 7 to 15 yr of age, 450 to 600 kg BW) were housed in outdoor lots and were fed a commercial pelleted feed and bermudagrass hay to maintain body condition scores of 6 to 7 (Henneke et al., 1983) . The stallions were placed on an everyother-day seminal collection schedule beginning on May 13, 1995; a total of 13 ejaculates were collected from each stallion. The first five ejaculates served to stabilize extragonadal sperm reserves and to familiarize the stallions with routine seminal collections. The last eight collection days were treatment days. Throughout the 13 collection days, the order in which semen was collected from the six stallions was randomized.
There were four treatments, and each stallion received each treatment twice during the last eight seminal collection days. The treatments were as follows: 1 ) Control: normal seminal collection, in which a stallion was brought from his pen, had his penis washed as soon as he gained an erection, and then was allowed to mount the collection dummy as soon as he was excited enough to do so; 2 ) Sexually stimulated: the washing and seminal collection described above was preceded by 10 min of exposure to seven mares in a chute. A mixture of mares in estrus and diestrus was used; 3 ) Bromocriptine plus sexual stimulation: the sexual stimulation and seminal collection schedule in Treatment 2 above was preceded by an i.v. injection of bromocriptine (.1 mg/kg of BW; Sigma Chemical, St. Louis, MO). Bromocriptine is a dopamine agonist that has been reported to decrease prolactin secretion in mares (Johnson and Becker, 1987) . This injection was given 10 min before the onset of sexual stimulation; and 4 ) Sulpiride treatment: the control seminal collection procedure was preceded by an i.v. injection of sulpiride (.1 mg/kg of BW; Sigma Chemical) given 25 min before seminal collection. Sulpiride is a dopamine antagonist that stimulates prolactin secretion within 5 to 10 min after injection (Johnson and Becker, 1987) .
For a given horse, the four treatments were randomly assigned to the first four of the eight treatment collection days, and then repeated in reverse order on the last four collection days. To control for the injections of sulpiride and bromocriptine, Treatments 1 and 2 received i.v. injections of saline 25 min before seminal collection. In addition, blood samples were taken by jugular venipuncture (via evacuated tubes containing heparin) from all stallions immediately before the injection of saline, sulpiride, or bromocriptine, and then again immediately before washing of the penis. Plasma from these samples was assayed for prolactin by previously validated RIA (Colborn et al., 1991b) .
Semen was collected and evaluated as described by Pickett and Back (1973) . Volumes of gel and gel-free semen were recorded, as were sperm concentration, progressive motility, and pH of gel-free semen. In addition, a 10-mL aliquot of gel-free semen from each ejaculate was placed on ice and centrifuged at 1,200 × g for 10 min, and the seminal plasma was frozen for later assay of prolactin concentration.
Data for seminal characteristics and prolactin concentrations were analyzed by the GLM procedures of SAS (1988) . The analysis included the factors of stallion, day, treatment, and replication. Treatment effects were tested using the stallion × day × treatment interaction as the error term; when a significant treatment effect was obtained, means were compared via Student's t-test based on the pooled standard error calculated from that interaction variance.
Results
Number of spermatozoa per ejaculate for the first five seminal collection days averaged 15.0, 13.8, 13.1, 7.9, and 10.8 billion. The sperm output on the fourth and fifth days did not differ ( P > .1) from the sperm output on the subsequent eight collection days (average = 10.3 ± 2.0 billion), indicating that the extragonadal sperm reserves had stabilized within the first five seminal collections.
Concentrations of prolactin in blood samples collected immediately before injection of saline, bromocriptine, or sulpiride did not differ ( P > .1) among treatments (Figure 1 ). Relative to control collections, prolactin concentrations just before seminal collection were higher after sexual stimulation ( P < .01) and after injection of sulpiride ( P < .001; Figure  1 ). Treatment with bromocriptine decreased ( P < .01) prolactin concentrations in the second blood sample (before seminal collection).
Relative to control collections, volume of gel-free semen was greater ( P < .01) in ejaculates collected after sexual stimulation (Table 1) . Administration of bromocriptine before sexual stimulation resulted in a reduction ( P < .075) of gel-free seminal volume compared with sexual stimulation alone ( Table 1) , such that gel-free volume for stallions treated with bromocriptine did not differ ( P > .1) from that of control collections. Administration of sulpiride did not affect ( P > .1) gel-free seminal volume.
The volume of gelatinous material (gel) in the ejaculates was not affected by treatment (Table 1) . Moreover, sperm concentration, number of spermatozoa per ejaculate, the percentage of progressively motile spermatozoa in the ejaculate, the pH of gel-free semen, the number of mounts required per ejaculate, Table 1 . Seminal and behavioral characteristics of ejaculates collected from stallions a Semen was collected from each of six stallions as follows: Control: semen collected per normal procedures; Sexually stimulated: stallions were presented to mares in a chute for 10 min before collection; Bromocriptine + stimulation: stallions were administered bromocriptine (dopamine agonist that reduces prolactin secretion) i.v. at .1 mg/kg of BW 10 min before 10 min of sexual stimulation prior to collection; and Sulpiride: stallions were administered sulpiride ( a dopamine antagonist that stimulates prolactin secretion) i.v. at .1 mg/kg of BW 25 min before collection.
b Pooled standard error calculated from the ANOVA error mean square. *Differs from Control and Sulpiride ( P < .01) and from Bromocriptine + stimulation ( P < .075). Figure 1 . Concentrations of prolactin in jugular plasma of stallions before injection of bromocriptine (B), sulpiride (SU), or saline (control, C, and sexually stimulated, SS) and again immediately before seminal collection. All injections were given at 25 min before seminal collection. On days when stallions received the B or SS treatment, they were sexually stimulated for 10 min before seminal collection. The pooled SEM for prolactin concentrations was 1.5 ng/mL. *Differs from control (P < .01); **differs from control (P < .001).
and the prolactin concentration in gel-free semen were not altered ( P > .1) by treatment.
Discussion
As predicted from previous experiments, prolactin concentrations in these stallions were stimulated by sexual stimulation (Rabb et al., 1989; Colborn et al., 1991b) and by administration of sulpiride (Johnson and Becker, 1987; Colborn et al., 1991a) . The magnitude of change in prolactin concentrations due to sexual stimulation (56% increase) was very similar to that reported by Rabb et al. (1989) and Colborn et al. (1991b) . The 466% increase in prolactin concentrations due to sulpiride injection was similar to that reported for mares by Johnson and Becker (1987) and for stallions by Colborn et al. (1991a) . Administration of bromocriptine reduced prolactin concentrations by approximately 30% and prevented the rise in prolactin concentrations due to sexual stimulation. In contrast to these data, Johnson and Becker (1987) did not observe any effects of i.m. administration of 10 mg of bromocriptine on resting prolactin concentrations until 60 to 120 min after injection. The fact that we administered an average of 50 mg of bromocriptine, and administered it i.v., likely explains why prolactin concentrations decreased in our stallions within 20 min.
Sexual stimulation of these stallions before seminal collection increased the volume of gel-free semen by approximately 27%. Pickett and Voss (1973) reported a 70% increase in volume of gel-free semen and a 187% increase in volume of gel in ejaculates from stallions used for estrus detection of 14 mares before seminal collection. In that experiment, semen was collected daily from four stallions for a month, and they were sexually stimulated before every other collection (on even-numbered days of the month). Based on the authors' description, it is estimated that the amount of sexual stimulation that those stallions received was approximately twice that applied in the present experiment, and may account for the greater increase in seminal volumes.
Administration of bromocriptine before sexual stimulation prevented the increase in gel-free seminal volume, such that the average gel-free volume was not statistically different from that of control collections. This effect is consistent with the hypothesis that prolactin may be involved with the increase in gel-free seminal volume after sexual stimulation, given that prolactin concentrations were also reduced by bromocriptine. As in all cases in which dopaminergic agonists are used to inhibit prolactin secretion, the possibility also exists that bromocriptine acted directly on dopaminergic synapses of the central or peripheral nervous systems (Lindrall and Bjorklund, 1978; Guyton, 1991) involved with the ejaculatory process. Prevention of the prolactin rise after sexual stimulation by other, more specific means (e.g., passive immunization) in future experiments is needed to better test this hypothesis.
The second approach to testing our hypothesis was the administration of sulpiride, which increased prolactin concentrations prior to seminal collection to a much greater extent than did sexual stimulation. This treatment had no effect on volume of gel-free semen in the subsequent ejaculate, indicating that prolactin alone (or dopaminergic inhibition) does not stimulate gel-free seminal volume. One possibility is that hormone(s) or factor(s) other than prolactin are also needed for the response of seminal volumes to sexual stimulation, and thus increasing prolactin alone via sulpiride would not be sufficient to cause the effect. Indeed, several hormones have been reported to increase after sexual stimulation in stallions (cortisol, Colborn et al., 1991b; GnRH, Irvine and Alexander, 1991; growth hormone, Thompson et al., 1992) .
Sexual preparation of bulls (false mounting) is a commonly used procedure for increasing sperm output per collection from bulls (Hale and Almquist, 1960) . Similar to the results of Pickett and Voss (1973) , there was no effect of sexual stimulation on number of spermatozoa per ejaculate in this experiment. Although Pickett and Voss (1973) reported a decrease in sperm concentration concomitant with the increase in gel-free seminal volume, we did not detect a significant alteration in sperm concentration due to treatment. However, the trends in our data are very similar to those of Pickett and Voss (1973) , and it is likely that we had a greater variation among our stallions that precluded statistical significance. There was little indication that bromocriptine or sulpiride perturbed the normal ejaculation of spermatozoa or the sexual behavior of the stallions, except on a few occasions when stallions receiving sulpiride seemed to react relatively slowly in the collection process, and may have taken longer to ejaculate. Although we made no quantitative measurement of the time required for ejaculation, the number of mounts required to ejaculate were not affected.
Prolactin concentrations in gel-free semen were approximately twice as high as the average nonstimulated (pre-injection) concentrations in jugular plasma, which may indicate some concentrating mechanism whereby prolactin is accumulated from the blood into one of the compartments that contributes to the ejaculate, thus resulting in higher concentrations in seminal plasma. However, if such a mechanism existed, we would expect some degree of correlation between prolactin concentrations in blood and seminal plasma. To the contrary, prolactin concentrations in seminal plasma were very constant, even when prolactin concentrations in blood plasma increased severalfold due to treatment. The possibility that an extra-pituitary source of prolactin exists in the reproductive tract of the stallion cannot be excluded; given that prolactin concentrations in seminal plasma were not altered by changes in gel-free seminal volumes, an accessory sex gland site of origin would be suspected.
In conclusion, the effects of bromocriptine on prolactin secretion and subsequently on gel-free seminal volume observed in this experiment are consistent with the hypothesis that prolactin is involved with the sexual stimulation-induced rise in seminal volumes in stallions. However, the lack of effect of sulpiride treatment indicates that prolactin alone does not mediate the effect of sexual stimulation on seminal volume. Whether prolactin acts in conjunction with other factors or whether the effects of bromocriptine were via some mechanism other than prolactin secretion needs to pursued in subsequent experiments.
Implications
Understanding of the mechanism by which seminal volumes are regulated in the stallion would allow breeders to manipulate these volumes to their advantage. Excessively large seminal volume, especially of gelatinous material, is a problem in that spermatozoa are lost at collection and semen must often be concentrated for subsequent processing and freezing. Excessively small seminal volume is a problem in that a greater proportion of the ejaculate may be lost in the collection equipment. The data presented herein indicate that prolactin may be involved in the rise in seminal volume after sexual stimulation in stallions, but that prolactin alone does not mediate this effect.
